This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



T his Page Blank (uspto) 



(19) 



J 



EuropSisches Patentarrrt 
European Patent Office 
Office europ£en des brevets 



(11) 



EP 0 788 237 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

06.08.1997 Bulletin 1997/32 

(21) Application number: 96925132.1 

(22) Date of filing: 30.07.1996 



(51) int. CI. 6 : H03L7/18 t H03K 21/38, 
H03K 23/68 

(86) International application number: 
PCT/JP96/02143 

(87) International publication number: 

WO 97/06600 (20.02.1997 Gazette 1997/09) 



(84) Designated Contracting States: 


• YANAGAWA, Hirokazu 


DE GB 


Kanagawa-ken 254 (JP) 




* MOTOYAMA, Hatsuo 


(30) Priority: 03.08.1995 JP 198653/95 


Tokyo 194-02 (JP) 


(71) Applicant: ANRITSU CORPORATION 


(74) Representative: Popp, Eugen, Dr. et al 


Minato-ku Tokyo 106 (JP) 


MEISSNER, BOLTE & PARTNER 




Widenmayerstrasse 48 


(72) Inventors: 


80538 Munchen (DE) 


• AKIYAMA, Norihiro 




Anritsu-Okihara-Ryo 




Kanagawa-ken 243 (JP) 





CO 
CM 

CO 
CO 

o 

Q_ 
LU 



1 0 



Fref 



2 


c 


3 

r' 


CI 


4 


PD 


S . 


FIS) 


J . 


vco 







FREQUENCY 
DIVIDER 



V 



ARITHMETIC 
CIRCUIT —21 



I . J 



(54) RATIONAL FREQUENCY DIVIDER AND FREQUENCY SYNTHESIZER USING THE 
FREQUENCY DIVIDER 

(57) A rational frequency divider which has a simple 
constitution, whose spurious is little, and which has a 
wide frequency modulation width. A frequency synthe- 
sizer using the frequency divider is provided with an 
arithmetic circuit (21) which sends a frequency dividing 
ratio to a frequency divider (6) in a PLL circuit com- 
posed of a variable frequency oscillator (4), the fre- 
quency divider (6), and a phase detector (2). The 
arithmetic circuit (21) comprises a plurality of accumu- 
lating adders (22) which are connected in series and 
includes the first accumulating adder to which a rational 
number composed of an integral value and a decimal 
value is inputted, an integral value extracting circuit (23) 
which extracts the integral value from the output value of 
the last accumulating adder, and a delay circuit (24) 
which sends the integral value extracted by the circuit 
(23) to the frequency divider (6) as the frequency divid- 
ing ratio and to each accumulating adder as a feedback 
value. Each accumulating adder adds a value calcu- 
lated which the adder calculates itself in the preceding 
clock period to the inputted rational number or the out- 
put value of the adder of the preceding stage, subtract 
the feedback value from the circuit (24) from the sum. In 
the synthesizer, the rational frequency divider is com- 
posed of the frequency divider (6) and arithmetic circuit 
(21, 21a and 21b). 
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Descripti n . 

Technical Field - - 

5 The present invention relates to a rational number (rational) frequency division device and a frequency synthesizer 

using the same and, more particularly, to a rational frequency division device that can input an arbitrary rational number 
value and a frequency synthesizer that can output an output frequency signal corresponding to a non-integer multiple 
of a reference frequency with low spurious level using the rational frequency division device. 

w Background Art * > . : . . . . . : 

As is well known, a frequency synthesizer using a phase locked loop (PLL) circuit has a basic arrangement, as 
shown in FIG. 13 (note that the frequency division ratio to be input to a frequency divider 6 is only N (N: an integer)). 

More specifically, in FiQ. 13, a reference frequency signal a having a reference frequency f ref input from an input 
is terminal 1 is input to a phase detector 2. 

The phase detector 2 detects the phase, difference between the ^reference frequency signal a and a frequency- 
divided signal b output from the frequency divider 6, and outputs a phase difference signal c having a voltage propor- 
tional to the phase difference. ■* r ... : : 

The phase difference signal c output from the phase detector 2 is input to a loop filter 3 to remove its high-frequency 
zo component, and thereafter, is input as a new phase difference signal to a voltage-controlled oscillator (VCO) 4. 

The VCO 4 outputs an output frequency signal d having an output frequency f out corresponding to the signal value 
of the phase difference signal c-j to an output terminal 5. 

Also, the output frequency signal d output from the VCO 4 is input to the frequency cfivider 6. 

The frequency divider 6 divides the frequency of the output frequency signal d by an externally input frequency divi- 
25 sion ratio N (N: an integer), and supplies the result to the phase detector 2?as the frequency-divided signal b. 

In such frequency synthesizer using the PLL circuit, the output frequency f out of the output frequency signal d out- 
put from the output terminal 5 is N times the reference frequency f ref; as described by the following equation: 

f 0 ^:-Krf^s^:.^: ,v:KM-rv;;r 

In this equation; since N is-ah integer, the output frequency-f^t of the basic arrangement of the frequency synthe- 
sizer using the PLL circuit, as shown in FIQ. 13, can only assume values corresponding to integer multiples of the ref- 
erence frequency f^f 1 * . v ^ - ii: - ; , 

When a low reference frequency f r6f is set to decrease the step size of the output frequency f out , a problem of dete- 
35 rioration of the loop response characteristics of the PLL circuit orthe like is posed. 

In order to output an output frequency signal corresponding to a non-integer multiple.of the reference frequency, a 
frequency synthesizer that adopts a fractional N scheme ton obtaining the output frequency f out corresponding to a 
rational multiple of the reference frequency f ref has been proposed by United States Patent No. 3,928,813. 

More specifically, in the frequency synthesizer based on the fractional N. scheme, -the frequency division ratio to be 
40 set in the frequency divider 6 in the frequency synthesizer using the PLL circuit, as shown in. FIG. 13, is switched from 
N to (N+1) at predetermined periods, as shown in FIG. 14. 

For example, if the frequency division ratio N to be set in the frequency divider 6-is replaced by a frequency division 
ratio (N+1) at a rate of once in ten times, the output frequency f out as a whole assumes a value not .N times but [N.1] 
times the reference frequency f r ef. ^ . - , . 

45 In this way, according to the frequency synthesizer based on the fractional N scheme, the output frequency f out cor- 
responding to an arbitrary rational value [N.J] multiple of the reference frequency f re f is obtained, as defined by the fol- 
lowing equation: 

fout=[N.J]'f re , 

50 * •-...'._.:*■ - J. "... 

In this equation, N is an integer value, and J i€ a decimal value (a value below the decimal point) called a fractional 
value. ' ■*.■,*...-■ 

In the above-mentioned frequency synthesizer based on the fractional N scheme using the PLL circuit, when fre- 
quency modulation is performed in the PLL circuit, a modulation signal e having a frequency f m may be applied from an 
55 input terminal 8 to the input stage of the VCO 4 via a signal multiplexer 7. as shown in FIG. 1 5. 

However, with this frequency modulation method, frequency modulation of direct current (DC) components and in 
the frequency band cannot be made due to low-frequency attenuation characteristics in the PLL frequency band. 

In order to solve such problem, as indicated by broken lines in FIG. 15, a voltage obtained by integrating a modu- 
lation wave on the output from the phase detector 2 by an integrator 9 may be applied. 
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However, with this method, since the output from the integrator 9 is saturated, modulation up to direct current (DC) 
components cannot be performed. 

In order to solve this problem, a method of preventing the integrator from being saturated by changing the fre- 
quency division ratio of the frequency divider 6 has been proposed by United States Patent No. 4,546.331 . 
s However, even in the frequency synthesizerthatuses thePLL circuit shown in FIG. 13 and adopts the fractional N 

scheme, thefollowing problems remain unsolved: "i ^. v ; .:: ^ 

That is, in this fractional N scheme, since the frequency division value of the frequency divider 6 is instantaneously 
N or (N+1), phase errors occur between the reference-frequency signal a for.the phase detector 2 and the frequency- 
divided signal b even when the PLL circuit is locked. 
10 As a consequence, when the phase errors are periodically mixed in the phase difference signal c, since the phase 
difference signal c (c^ mixed with periodic phase difference errors is input to the VCO 4, fractional spurious compo- 
nents that are hard to remove are generated in the neighborhood of the carrier frequency in ; the output frequency signal 
d output from the VCO 4. - • - : - • £ > • • ^ < -~ ^ ^ i^. ?p : 

FIG. 3A shows the instantaneous valued the decimal part of the -frequency division rstiOtfl*. N+1) set in the fre- 
15 quency divider 6. - v-.r : '" . " 

FIG. 4A shows phase errors E between the^eference:frequeney signal a ^at the input stage of the phase detector 
2, and the frequency-divided signal c. v - ^^.j - • t ^i/ovon.. 

More specifically, such phase errors E are superposed on the phase difference signal c, and the superposed signal 
is input to the VCO 4. ^ w*^~ ?szrr v.. ..: . 

20 FIG. 5 shows the spurious level with respect to an offset frequency from the carrier frequency, which is plotted 
along the abscissa. c *c ^ v v ^ 

Note that the characteristic values shown in FIGS. 3A, 4A, and 5 are obtained f -by calculating, by a simulation 
method, the operation of the frequency synthesizer that adopts the fractional N scheme shown in FIG. 13. when the 
clock frequency is set to be 500 kHz, and the rate of reptacing:the frequency division ratio N by the frequency division 
25 ratio (N+1) is setto be once in a thousand times. ^ k - ;< - * h s ; :■ ■ 

In this way. in the fractional spurious characteristics shown iniFIG:.5^it is Seen that larg&peak values with high lev- 
els are generated in the neighborhood of the camerat predetermined frequency intervals. . . 

On the other hand, when the frequency modulation method disclosed in United States Patent No. 4,546,331 above 
is used, many additional circuits and complicated control ar£ require^ \ 
30 In order to solve problems unique to such frequency synthesizer adopting the fractional N scheme, a frequency 
synthesizer that adopts a multiple ^fncxJulator frartional .N scbemer^as shown in Fl% j!6; has been proposed by United 
States Patent No. 5.038,1 17, "-^ -zv -suiizzr , * - --i. <; ; 

In this multiple modulator fractional N scheme, the frequency division ratio to be set in the frequency divider 6 is a 
value obtained by adding ah integer value N inpik via:an t h^ut ; 1etminab13 ancfean integer modulation value (k = 0, 1 . 
35 2, 3. •• *,n-1) output from an arithmetic circuit 15 b^ahaddern4Jj- - - 

in this case, the arithmetic circuit 15 outputs.^as the mtegenmpdulatjon yaJue c^,(k = 0, ; .1i;2, 3.>/ • • , n-1), a value 
obtained by cumulating a decimal-value J (1 < 0) Jnputfrom aninputterminal 1 6 in turn by n seriesrconnected modr 
ulation circuits 17. - s^-' ' - 

Each modulation circuit 1 7 isconstituted by a cumulative adder 1 7a for cumulating the decimal valued jnsynchro- 
40 nism with a clock signal CLK input fronv a clock terminal 18, and outputting an overflow signal when the cumulative 
value has exceeded a value [1], an adder 17b, and a differentiator 17c. « -,\ i ;;r.\ ■ .* , ; 

In the frequency synthesizer adopting the multiple- modulator fractional N. scheme with ; ttje above arrangement, 
when the output frequency fcin of th* output frequency signal d output from the output terminal 5 of the PLL circuit is to 
be modulated, the decimal value J to be applied to the arithmetic circuit 15 need only bechanged to (J + AJ). 
45 As a consequence, as shown inrFIGS. 17A and *k7B/ the output frequency f^ of the output -frequency signal d is 
described by: 1 1 • . : .- : , \ 

f 0Ut = [N.J+AJ].f rGf 

so Since (J ± AJ) assumes a decimal value below the decimal point, 6 < J + AJ < 1 holds. 

In this case, since U is also a decimal value below the decimal point as a matter of course. 0 < J < 1 holds. 

Accordingly, when J + AJ exceeds 1 . the modulation width is limited in association with the integer value N or 
another measure must be taken to avoid it. • * 

The frequency synthesizer adopting the multiple modulator fractional N scheme shown in FIG. 16 includes struc- 
55 tural spurious components. 

The structural spurious components will be explained below. For example, when a rational number such as 1/2 or 
3/4, the denominator of which is a small integer, is input to the arithmetic drcuit 15. the phase errors E in the phase 
detector 2 have only patterns with short periods, as shown in FIG. 3A. 

As a result, since error energy concentrates on specific frequency values and much error energy concentrates on 
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periodically generated small spurious components, structural rspurious.components having high levels are conse- 
quently generated at a few specific frequencies. " v...- : 

In order to avoid generation of the structural spurious components having high levels generated at a few specific 
frequencies, a method of mixing a dither signal in a fractional' frequency division ratio has been proposed by Jpn. Pat. 
5 Appln. KOKAI Publication No. 6-244721. ' 

However, in order to mix the dither signal in the fractional frequency division ratio, many complicated circuits are 
required, and the circuit arrangement of the entire frequency synthesizer is further complicated. 

On the other hand, Jpn. Pat. Appln. KOKAI Publication No. 2-198224 discloses a technique nearly equivalent to 
United States Patent No. 4,546,331 above. - 1 ; ; . * .. ■ 

w Accordingly, in the technique of Jpn. Pat : Appln. KOKAh Publication No. 2-198224 as well, the above-mentioned 
structural spurious components are~assurr.ee to be generated, but this problem is left undiscussed. 

Also, Jpri. Pat Appln. KOKA! Publication No: 2-198224 does not particularly refer to frequency modulation, but this 
technique is speculated to be free f ram the inconvenience in United States Patent No. 4,546,331 . 

As described above, the conventional frequency synthesizers commonly have the following problems although they 
is have both merits and demerits. 

(1) High-level fractional'spurious components cannot be easily reduced, 

(2) High-level structural spurious components cannot bs easily reduced. 

(3) The frequency modulation range is limited. - \ - 

Disclosure of Invention - • * . 

The present invention has been made in consideration of the above situation, and has as its object to provide a 
rational frequency division device which can suppress fractional spurious-components by a simple arrangement, can 

25 assure a broad frequency modulation range, and can easily reduce structural spurious components, since an arithmetic 
circuit for calculating the frequency division value to be set in a frequency divider has an arrangement that allows easy 
cascade connection of a plurality of cumulative adders, which are used in the arithmetic circuit and perform calculations 
in a rational number state including integer and decimal values, and a frequency synthesizer using the same. 

According to one aspect of the present Hwenfiorv there is provided: a.fr©que:Tcy„synthesizer comprising a variable 

30 f requericy'oscillstor for dutputfiftg a frequsncy signal Having^ frequency /corresponding to an input signal, a frequency 
divider for f r^uehcy dividing 'thb frequency of the frequency signal output from the variable frequency oscillator 
by an integer frequency division ratio applied, a phase detecto/for defecting a phase difference between a reference 
frequency signal and a frequency-divided signal output from the frequency divider, and outputting a phase difference 
signal corresponding to the phase difference to the.variaole frequency oscillator, and an arithmetic circuit for calculating 

35 a frequency division ratio; which becomes an input rational number defined by an integer value and a decimal value if 
an average value is calculated and is indicated by an integer value that changes instantaneously,. upon receiving the 
rational" value, and outputting the frequency division ratio to the frequency divider, wherein the arithmetic circuit has a 
plurality of cumulative adders which include a first cumulative adder that receives the rational number and are series- 
connected/ ah integer value extraction circuit for extracting an integer value frpm an output value of the cumulative 

40 adder of a final stage, and a delay circuit for outputting the integer value extracted by the integer value extraction circuit 
to the frequency divider as the "frequency division ratio, and outputting the integer value to the cumulative adders as a 
feedback value/and each of the cumulative adders adds a value calculated by itself in a previous clock period to the 
input rational nurriber or an output value of the cumulative adder of a previous stage, and subtracts the feedback value 
from the delay circuit therefrom. ' ~ ? ■ ^ - . 

45 According to another aspect of the present invention, there is*provided a rational .frequency division device com- 
prising a frequency divider for frequency dividing a frequency of an input frequency signal by an integer frequency divi- 
sion ratio applied, and an arithmetic circuit for calculating a frequency division ratio, which becomes an input rational 
number def ined by an integer value and a decimal value if an average value is calculated and is indicated by an integer 
value that changes instantaneously, upon receiving the rational value, and outputting the frequency. division ratio to the 

so frequency divider, wherein the arithmetic circuit has a plurality of cumulative adders which include a first cumulative 
adder that receives the rational ruirrtoer and are series-connected* an integer value extraction circuit for extracting an 
integer value frorri an output value of the cumulative adder of a final stage, and a delay circuit for outputting the integer 
value" extracted by the integer value extraction circuit to the frequency divider as the frequency division ratio, and out- 
putting the integer value to the cumulative adders as a feedback value, and each of the cumulative adders adds a value 

55 calculated by itself in a previous clock period to the input rational number or an output value of the cumulative adder of 
a previous stage, and subtracts the feedback value from the delay circuit therefrom. 

According to still another aspect of the present invention, there is provided a frequency synthesizer comprising a 
variable frequency oscillator for outputting a frequency signal having a frequency conesponding to an input signal, a 
frequency divider for frequency-dividing the frequency of the output frequency signal output from the variable frequency 
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oscillator by an integer frequency division ratio^appiied^a<phase detector for detecting a phase difference between a 
reference frequency signal and a frequency-divided signal output from the frequency divider, and outputting a phase 
difference signal corresponding to the phase differences©. the variable frequency oscillator, and,an arithmetic circuit for. 
supplying an integer frequency division signal to the frequency (divider upon receiving an input rational, number (K) 

5 defined by an integer value (I) and a decimal value (J), characterized in that the arithmetic circuit includes.a, plurality of 
cumulative adders which are cascade-connected in atjeastihreestages and have anjnt^gral function, and outputs ttie 
integer frequency division signal (ok) on the basis pfiihe ra£or^ nu/rtoer(^^^ the integer value (I) and the 

decimal value (J). . ■■.-•c-f: ^-r:: : - no . t ~ s - .v 

According to still another aspect of the present invention, there is provided aerational frequency division device . 

io comprising a frequency divider for frequency-dividing a freqtiency;bf an input frequency signal, by an, integer, frequency 
division ratio applied, and an arithmetic circuit for supplying:amrtegeDfrequenc#^ jjhe frequency divider 

upon receiving an input rational number (K) defined by an integer value (I); and a decimal, value characterized in that 
the arithmetic circuit includes a plurality of cumulative adders. which are (^SG^-connecteeHn at leastthree stages and 
have an integral function, and outputs the integer frequency division signal <ptK) oathe;basis of the rational number (K) 

is defined by the integer value (I) and the decimal value (J). 3v 

According to still another aspect of the present invention, there is provided a frequency synthesizer comprising a 
variable oscillator, a frequency divider for f requency<lividihga f requensy signal Jrpm tfcie variable oscillator by an integer 
frequency division ratio in correspondence with a setting ivakieoa- phase -.detectqr-, for detecting a phase difference 
between a reference signal and a frequency -divided signal from the frequency divider;, and ^outputting a phase differ- 

20 ence signal corresponding to the phase difference to the variable oscillator, and an arithmetic circuit which has a plu- 
rality of (n) integrators which are cascade-connected in at least three stages, performs a calculation upon receiving a 
rational number (U) defined by an integer value (I) and a decimal value (J), and sets the calculation result in the fre- 
quency divider, so that the frequency-divided signal output from the-frequency divider mpludes a rational number fre- 
quency component if an average value is calculated, and an error frequency, co^npon.ent which decreases toward a low- 

25 frequency region at a gradient of about 6 x n (dB/octave) r and characterized in^that the error frequency component is 
easily attenuated by a low-frequency characteristic of a loop<x>nstaut£d,by the.varjable-ospillator, the frequency divider, 
and the phase detector. r : ^ - v cir'b:^.^, ^ v. > 

The reason why fractional spurious components can bereduced'in^the-rational frequencydiyision device and the 
frequency synthesizer using the r £affie\>^ 

30 In general, the loop attgnu^tio^<*saraG^ffSttcs srf a.£fctt riipuildteetf <^^Sta^db byt a; o)p§^- t fo§p^pf ^ phase detec- 
tor, a variable frequency osciHator/and a :frequerrcy:x*\fldec can^su^jcien^ atfenue^g r^ise^and ^ spurious : <^mpohents 
having frequencies at positions Sufficiently separated fromtrxecarrierjrequeney of an output frequency signal to be out- 
put from the variable frequency osci^^ * ^ t o 

Paying attention to the'PLL circuit characteristics; in thafreqaency synthesizer ofthe present jnvention.jan arrthme- 

35 tic circuit for sequentially calculating f requency<division>ratios tabe appliedin turn to the frequency divider uses a plu-- 
rality of cascade-connected Cumulative adders to provide differential/:Crmracterjstics with respect to th^ ^witching 
characteristics of the frequency division ratio for the frequency divider^andjan integer valuerextrarticm circuit.e^acts- 
only an integer value by toundifig^off a decimaL value from the output value of the cumulative adder. The^traqt^l inte- 
ger value is used as the frequency division ration and the frequency division ratiois delayed and fed back to e^chcumu- 

40 lative adder. ' ■ *~- T vc- i~-v._.- •: «• <?•-': • ro 

As a consequence; irf-the steady^statewhereinrthe PLL circuit has shifteditp tbeJpck state, thegeneration pe^iods 
of instantaneous phase errors^'gfenerated between thee reference; frequenpy.signal ioputtq thephase detector .and the 
frequency-divided signal ou^ut from the frequeacy divider a-e jrotjuniforrjriibut are, dispersed, to be lower Jhao the 
Nyquist frequency. In addition, spurious components in the neighborhood of the carrier attenuate by the differential 

45 characteristics. In this Way, -spurious components sappearing in the output frequency signal owing to the phase errors 
outside the frequency band ! ar6 attenuated taythfe loop attenuation* characteristics-of the PLL circurt itself, thug pbtaining 
an output signal with low sipuiiouS lever over the entire frequency ;band.i^ v-r'; n - r 

Furthermore, in the frequency synthesizer-of . the present-invention, since the arithmetic circuit has an arrangement 
that can cumulate the entire input rational number, when the output frequency signal iSjto be frequency-modulated, 

so modulation can be made for the entire rational number to be applied to the arithmetic ^rcuit, and the. modulation width 
in this case can be set for the entire rational nurnber^obtained byadding integer and decimal values. . ■ 

In this case, since the frequency divisionratio to be finally input to the frequency divider need only satisfy the con- 
dition of an integer value, and the integer value of the frequency division ratio can be changed, the modulation width 
can be set to be an arbitrary value. 

55 In the rational frequency division device of the present invention, the average frequency division ratio that fre- 
quency-divides the frequency of the input frequency signal can be consequently set to be not only an integer value but 
also a rational number defined by integer and decimal values. 

As a consequence, in the rational frequency division device of the present invention, the frequency of the input fre- 
quency signal can be converted into an arbitrary frequency. 
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In this case, since an error frequency from the carrier. frequency, Awhich is instantaneously generated in the con- 
verted frequency signal, is uniformly distributed, large spurious-components can be prevented from being generated at 
a specific frequency. 

5 Brief Description of the Drawings 

FIG. 1 is a schematic block diagram showing the arrangement of a rational frequency division device and a fre- 
quency synthesizer using the same according to the first embodiment of the.present invention; 
FIG. 2 is a detailed circuit diagram of an arithmetic circuit builtin the rational frequency division device and the fre- 
10 quency synthesizer using the same shown, in FIG. 1; 

FIGS. 3A, 3B, and 3C are graphs showing the instantaneous value characteristics of the output from a frequency 
divider in the rational frequency division device and the frequency synthesizer using the same shown in FIG. 1 as 
compared to those of a conventional.device; 

FIGS. 4A f 4B, and 4C are graphs showing the instantaneous value characteristics of phase errors at the input stage 
15 of a phase detector in the rational frequency division device and the frequency synthesizer using the same shown 
in FIG. 1 as compared to ihosetof the conventional device; ... . - , 

FIG. 5 is a graph showing the spurious level included in the output frequency signal of the conventional device; 
FIG. 6 is a graph showing the spurious level included in the output frequency signal obtained when two stages of 
cumulative adders are used in the rational frequency division device and the frequency synthesizer using the same 
so according to the first embodiment of -the present invention; . 

FIG. 7 is a graph showing the spurious level included in the output frequency signal obtained when three stages of 
cumulative adders are used in^the rational frequency division device and the frequency synthesizer using the same 
according to the first embodiment of the present invention; 

FIGS. 8A and 8B are graphs showing the spurious level included in the output frequency signal obtained when five 
25 stages of cumulative adders are used in the rational frequency division device and the frequency synthesizer using 
the same according to the first embodiment of the present invention; . 

FIG. 9 is a detailed circuit diagram of an arithmetic circuit built in a rational frequency division device and a fre- 
quency synthesizer using the same according to the second embodiment of.the present invention; 
FIG. 1 0 is a block diagram of each cumulative adder;:that;constitat«sctltQ aritbmetiexircuit shown in FIG. 9; 

30 FIG. 11 is a detailed circuif diagram of an arithmetic circufcbuHt in a ra$onal.4requency division device and a fre- 
quency synthesizer using the same according to the third embodiment of the present invention; 
FIG. 12 is a block diagram of each cumulative. adder; buHt ih> a- rational' frequency division device and a frequency 
synthesizer using the same according io theifourth. embodiment/otthe present Invention; 
FIG. 1 3 is a schematic block diagram showing the arrangement of-.a conventional frequency synthesizer that adopts 

35 the fractional N scheme; < * i - 

FIG. 14 is a waveform chart, of the frequency division ratio set in a frequency divider of the conventional frequency 
synthesizer; 

FIG. 15 is a schematic block diagram showing the arrangement used when the frequency modulation function is 
built in the conventional frequency synthesizer; ' 
40 FIG. 1 6 is a schematic block diagram showing the arrangement of a conventional frequency synthesizer that adopts 
the multiple modulator fractional N scheme; and 

FIGS. 17A and 17B are graphs showing the modulation characteristics of the frequency synthesizer shown in FIG. 
16. 

45 Best Mode of Carrying out the Invention ' 

The embodiments of the present invention will be described hereinafter. 
(First Embodiment) 

50 

FIG. 1 is a schematic block; diagram showing the arrangement, of a rational frequency division device and a fre- 
quency synthesizer using the same according to the first embodiment of the present invention. 

Note that the same reference numerals in FIG. 1 denote the same parts as in the conventional frequency synthe- 
sizers shown in FIGS. 13 and 16, and adetailed description of repetitive portions will be omitted. 
55 More specifically, in FIG. 1, a reference frequency signal a having a reference frequency f rQ f input from an input ter- 
minal 1 is input to a phase detector 2. 

The phase detector 2 detects the phase difference between the reference frequency signal a and a frequency- 
divided signal b output from a frequency divider 6, and outputs a phase difference signal c having a voltage proportional 
to the phase difference. 
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The phase difference signal c output from the phasje detector 2 is input to a loop filter 3 to remove its high-frequency 
component, and thereafter, Is input as a new phafse difference signal o, to a VCO (voltage-controlled oscillator) 4 serv- 
ing as a variable frequency oscillator. 

The VCO 4 outputs an output frequency signal d having an output frequency f^ proportional to the signal value of 
5 the phase difference signal c 1 to an output terminal 5. 

Also, the output frequency signal d output from the VCO 4 is input to the frequency divider 6. 

The frequency divider 6 frequency-dividesthe frequency of theroutput frequency signal d by an externally input fre- 
quency division ratio I (I: an integer) and applies the result as the- frequencyrdivided signal b to the phase detector 2. 

The frequency division ratio I set in the frequency divider 6 is supplied,1rom.-an arithmetic circuit.21 
10 The arithmetic circuit 21 receives a rational number value [I.J] viaian input terminal 16. . : 

The rational number value [I. J] is defined by an i-bit integer-vatueiliahda^bit^deeimal value J called a fractional 
value. - . " : \ *- ; :" ; 'vr-;;. ■■•-v::0. , i:;^f;--:!.-fK ; . ■ 

Furthermore, the arithmetic circuit 21 receives a clock signal CLK from, an .input terminal 18. 

The arithmetic circuit 21 constitutes a rational frequency ;di vision device together wHhithe : *requency divider 6, and 
15 applies an i-bit arithmetic result as the frequency divisions 

As shown in, e.g.. FIG. 2, the arithmetic circuit 21 is constituted by n (n 2> 3) cascade-connected cumulative adders 
22, an integer value extraction circuit 23 f ore extracting -an -integer- value I from a sum value consisting of a rational 
number value output from the final-stage (n-th) cumulative adder 22* and a delay circuit 24 for^delaying the integer value 
I extracted by the integer value extraction circuit 23 by one ctoctcperiod*T 0 . 
20 The i-bit integer value I output from the delay circuit 24 is output. to thetfrequency divider 6. and is also fed back to 
the respective cumulative adders 22 as a feedback valufe. ^ , : vv :•: -■. i 

The cumulative adders 22, the integer value extractiorrcircutt 23; and the delay circuit 24 are appliedwith the clock 
signal CLK input from the input terminal 18. v t. r- 

In each cumulative adder 22, therational number value output from the cumulative adder 22 of the previous stage 
25 and the feedback value are input to an adder 25. -^arv . ^ - - . • 

The adder 25 also receives the sum obtained by delaying the: sum by one.ctock period T^ by a delay circuit 26. 

More specifically each cumulative adder 22 adds theroutput: value in. 1he;previpus.doek'period to the rational 
number value input from the cumulative ackter 22 of the previousstage; also, adds thasum in th&previous clock period, 
and outputs the sum to the cumulative adder 22?.bf4he T «Bxistage:^bbfe *A1hv.;;;>>y.- ; bno ro .v^&*: ?. 
30 Note that the first (n = 1) cumulative acJder22 receives snl(i-Fj^bil rational numbe^l? input jvia&e. input terminal 

The operation of 1he arithmetic circuit 21 shown.in EIGL 2 will bedescrrbedin detail below using 'equations: 
If each value calculated by this arithmetic circuit 2;t is expiessed by/a z function, tiie output, values of the delay cir- 
cuits 24 and 26 in the arithmetic circuit 21 assume values?obtainechby multiplying theirinput values with [z\ 1 ], 
35 If M 1 (z), • • • , M n (z) represent the sums of the adders 25 in the first to n-th cumulative adders 22 in the arithmetic 
circuit 21 , these sums M j(z), M£(z)V • • • . M n (z) are-respectively given toy the following equations: ... r : . . 



M x (z) = [I.J] + z'^iiz) ^ z"' 1 I(z)_ . »■ (l) J ^; 

40 M 2 (z) - Il-J] + z" 1 M 2 f 2 ) " - ( 2 ) - 

« • 

M n-l( 2 > - t 1 '^ + z " lM n-l< z ) " z" 1 ^ 2 ), " (3) 

M n (z) = [I.J] + z^M^z) - z- 1 I(z)_ " (4) 

I(z) = M n (z) + SI(z)" - (5) 



Note that 6l(z) in equation (5) represents errorsgeneraied by extracting only an integer value ](z).and rounding off 
a decimal value J(z) (lower bits) by the integer.value extraction circuit 23 from the sum value as a rational number output . 
from the adder 25 of the final-stage (n-th stags) cumulative adder 22. 

Accordingly equation (5) amounts to adding an. error 5l(z) between; the average value and instantaneous value of 
55 the frequency-divided signal b output from the frequency divider 6 to the integer value l(z) applied to the frequency 
divider 6 in the PLL circuit. 

Equation (5) can be rewritten as the following equation (6): 

M n (z) = l(z)-6l(z) (6) 
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Substituting equation (6) into equation (4) yields the following equation (7) : 

M n . 1 (z) = l(z)-(1 - z^Kz) (7) 
Also, substituting equation (7) into equation (3) yields the following equation (8): 

M n . 2 (z) = l(z)-(1.z- 1 ) 2 6l(z) (8) 
Likewise, equation (9) below is obtained: 

M 1 (z) = l(z)-(1 -z-y* 1 &Kz) ( 9 > 

Substituting equation (9) into equation (1) yields the following equation (10): 

l(z) = [U] + (1 -z :i ) n 6l(z) (10) 

Since the integer value l(z) in equation (1 0) is set in the frequency divider 6 as the frequency division ratio, the z- 
converted output frequency f out (z) of the output frequency signal d can be expressed by equation (11) below using the 
reference frequency f re t of the reference frequency signal a in the locked state of the PLL circuit: 

foui( z ) = [ |J ] f re t + ( 1 - z " 1 ) n5l (z)f re t ( 11 > 



As can be understood from equation (11), the output frequency f out of the output frequency signal d is defined by 
the frequency components {[I. J]f ref )} corresponding to rational number multiples of the reference frequency f ref and spu- 
25 rious components {(1 - z" 1 ) n 5l(z)f ref } produced due to phase errors (phase jitter). 

Furthermore, such spurious components have differential characteristics (1 - z' 1 ) n having the same order n as the 
number of setting stages of the cumulative adders 22; ' ~ ' 

Therefore, by increasing the order n (the number of setting stages), the noise shaping effect can be enhanced and 
the spurious level in the neighborhood of the carrier frequency (= [I.J]f r6 f) containing a structural spurious component 
30 can be lowered. ~ f*-- • n : 

In addition, when the arrangement of the present invention is adopted, the order n can be stably increased by 
increasing the number n of setting stages of the cumulative adders 22'without being saturated. 

In order to qualitatively explain decreases in spui icus ievetih tho neighborhood of the carrier, assuming that error 
components 5l(z) are input to the arithmetic circuit 21 to output l(z), it is contemplated that a feedback route along which 
35 the output from the integer value extraction circuit 23 is f^backto the-input via the delay circuit 24 and the respective 
cumulative adders 22 is formed in the arithmetic circuit 21 when viewed from the integer value extraction circuit 23, and 
a large number of stages of integrators constituted- by the cumulative adders 22 in the feedback route are connected. 

Therefore, since the integrators are present in the feedback route, they consequently show differential characteris- 
tics with respect to the error components 6l(z). t . 
40 That is, it is surmised that since this arrangement is equivalent to that of a high-pass filter, the above-mentioned 
noise shaping effect is obtained. : • 

In this case, the noise shaping effect based on the number n of setting stages of the cumulative adders 22 is 6 x n 
(dB/octave), and tends to lower in the low-frequency region. - • 

This noise shaping effect can be demonstrated by executing simulation arithmetic operations using a sequence in 
45 the time domain. ; . ^ , . - - • - 

The procedure of the simulation arithmetic operations will be briefly described below. 

More specif ically, assuming that the rational number [LJJ'is input to the arithmetic circuit 21 , the arithmetic circuit 
21 is constituted by three stages of cumulative adders 22, S 1 (k) l S 2 (k), and ^(k) represent the output values of the first, . 
second, and third cumulative adders 22 from thfe input side, and l(k) represents the output value of the integer value 
so extraction circuit 23, we can obtain the following equations: 

S t (k + 1 ) = {I.J] + S f (k) - l(k) (12) 

S 2 (k + 1) = S ^(k + 1) + S 2 (k) - l(k) (13) 

S 2 (k + 1) = S 2 (k + 1) + S 3 (k)- l(k) (14) 

|(k) = INT {S 3 (k)] (15) 
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Note that INT max {S3(k)} in equation (15) represents a maximum integer value equal to or smaller than. S^k). 
In each of equations (12), (13), and (14), S(k+1) represents the state of the output value S(k) after an elapse of one 
clock period T 0 . 

Modifying equation (14) yields the following equation (16): 

S 2 (k+l) = S 3 (k+l)-S 3 (k) + l(k) 06) 

Substituting equation (16) into equation (13) yields the following equation (17): 

w S 2 (k+ 2) = S 3 (k + 2) - 2S 3 (k + 1) + S 3 (k) + 2l(k + 1) - l(k) (17) 

Furthermore, substituting equation (17) into equation (12) yields the following equation (18): 

S 3 (k + 3) = [I.J] + 3S 3 (k + 2) - 3S 3 (k + 1) + S 3 (k) - 3l(k + 2) + 3l(k + 1) - l(k) (18) 
15 --■ ■ i 

Since equation (1 8) is uniquely determined by giving the initial value of S 3 (k), an instantaneous value (error) 6l(k) 
of a frequency division ratio l(k) to be set in the frequency-divider 6 is obtained from equation (15). . , . 

From this instantaneous value (error) 6l(k), a phase difference 5$(k) between the reference frequency f re1 and an 
instantaneous frequency f dh/ of the frequency-divided signalc output from the frequency divider 6 is calculated in the 
20 following procedure: 

W k )==W'( k >. (19) 

6<Kk)*2Kf ref V[(1/f^ \ 
25 ■' ' • : i ;. :v. - ■ ■ 

From a phase difference 6<|>(f) (f; frequency} ^ obtain^-by Fo.urJer.-transforming the phase difference 6*(k) into the 
frequency domain, and the infinitesimal angle modulation theorem, singlesideband phase noise £(f) can be expressed 

by the following equation (20):- wuv. :■- :•-> * :-. \,. «\r- v-. ;T ■■ : \ - v \ . $ 

30 £(V={sVw/2} 2 ' " ; - ; ;(26) . 

FIGS. 3B and 3C, FIGS. 4B and,4C; and FIGS .6 and ^aro graphs shewing the operations of the frequency syn- 
thesizer of the first embodiment shown in FiGS.; 1,and 2 calcu!ated;by:t^e above-mentioned simulation arithmetic oper- 
ations. **' • ' ' : ■*•■•••-.■ • . K- . : ^ f ; * /.,* 

35 The detailed conditions in this case are the^same as tho simulation -cpnditions. of the conventional frequency syn- y 
thesizer shown in FIGS. 3A, 4 A, and 5. 1 .• ■■. : :. r *- : .< ? : 

More specifically; assume that the clock frequency pf .the clock signal CLK is set to be 500 kHz, and the r decimal 
value J of the rational number [I.J] is set to be 0;001. - ; ?.:v , 

Furthermore, simulation arithmetic operations were conducted in correspondence with cases including i two. and 
40 three stages of cumulative adders 22r< . : < (A 

FIGS. 3A, 3B, and 3C show the instantaneous values of the decimal part of the frequency division ratio setin the 
frequency divider 6 in the case of the conventionaKsynthesizer (FIG: 3A), the case of the two stages in this embodiment 
(FIG. 3B), and the case of the three stages in this embod iment .(r?IG..3C>, > v 

The characteristics of the: conventional apparatus (FIG,. 3 A) :haye giyen periodicity, but the characteristics (FIGS. 
45 3B and 3C) of this embodiment have weaker periodicities as the number of stages of the cumulative adders 22 is larger. 
FIGS. 4A, 4B, and 4C showtfie phase errors E between.the reference frequency a and the frequency-divided sig- 
nal c at the input stage of the phase detector 2*in tne, : case of 1he conventional synthesizer .(FIG. 4A), the case of the 
two stages in this embodiment (FIG. 4B), and the^ase of the three stages in this embpdiment (FIG. 4C). 

The characteristics of the conventional apparatus (FiG. 4A) are defined by a periodic^ typical sawtooth waveform, 
so but the waveform deforms and the periodicity weakens in the characteristics of this embodiment (FIGS. 4B and 4C) as 
the number of stages of the cumulative adders 22 is larger. 

FIGS. 5. 6. and 7 show the spurious levels with respect to the offset frequency f 0 FF from the carrier frequency, 
which is plotted along the abscissa, in the case of the conventional synthesizer (FIG. 5), the case of the two stages in 
this embodiment (FIG. 6), and the case of the three stages in this embodiment (FIG. 7). 
55 In the characteristics of the conventional apparatus (FIG. 5). large peak values having high levels are produced in 
the vicinity of the carrier, as can also be understood from the periodic characteristics of the phase errors E shown in 
FIG. 4A. 

In the case of the two stages of this embodiment (FIG. 6), spurious components in the vicinity of the carrier are 
attenuated due to the differential characteristics, and in the case of the three stages of this embodiment (FIG. 7), spu- 
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rious components are further attenuated. - . V ; ; ::r .;- = 

Since spurious components present at frequencies sufficiently separated from the carrier can be attenuated by the 
attenuation characteristics of the PLL circuit, a low-spurious output frequency signal d can be obtained in the whole fre- 
quency band. \ - ; 
5 According to these simulation results, it is demonstrated.that the conventional apparatus can only reduce the spu- 
rious level to about -70 dB, but this embodiment using the three stages of cumulative adders 22 can reduce the spurious 
level to -100 dB or less. \ : - 

FIGS. 8A and 8B show the simulation calculation results of the spurious characteristics included in the output fre- 
quency signal d when five stages of cumulative adders 22 are used in the frequency synthesizer of the first embodiment 
10 shown in FIGS. 1 and 2. 

The characteristics indicated by the solid curve in FIG: 8A represent the spurious characteristics when the high- 
frequency attenuation function of the PLL circuit itself is not taken into consideration. 

The characteristics indicated by the solid curve in FIG. 88 represent the spurious characteristics closer to those of 
an actual PLL circuit when the high-frequency attenuation function of the PLL circuit itself is taken into consideration. 
15 As can be understood from the above description, when the loop response characteristics of the PLL circuit are set 
to be an optimal value, the level of the spurious characteristics can be effectively reduced. 

Note that the characteristics indicated by thin curves above ..the spurious characteristics indicated by solid curves 
in FIGS. 8A and 8B represent the maximum value characteristics of the above-mentioned structural spurious compo- 
nents. ' ' t * " •"*;".., • ■ • r : y ; ; ; < - . 

20 Note that a dotted curve in FIG: 8B represents the attenuation characteristics of the PLL circuit.including the loop 

filter 3 as well. * 

As shown in FIG. 8B, when about five stages of cumulative add3rs 22 are built in the arithmetic circuit 21 , the spu- 
rious characteristics can be readily reduced to -100 dB or less over the entire frequency range. 

In the frequency synthesizer shown in FIG. 1, frequency modulation of the output frequency signal d is attained by 
25 modulating the entire rational number [I.J] to be* applied to the arithmetic circuit 21 . : 

More specifically, if A[I.J] represents the frequency shift width, the output frequency f out of the output frequency sig- 
nal d is given by the following equation using the reference frequency f ref and the rational number [I.J + AI.J]: 

- * o , • - • ? . f ^ -[UhvAI:JV^ n z± .-.a,?. ;, - : .. 

30 "'■=■ ■ /■ •.* ;;f'~o r ' ; a :v ' ~-.T-.r-" '-r*^* ?. O'v % .- ;v ' •» <*-,- .;• . .. 

In this case, the entire rational number [I.J + AI.J] is input to the arithmetic circuit 21 . and the respective cumulative 
adders 22 execute arithmetic operations for the entire [I.J .+ Ai:J]. Finally, the integer value extraction circuit 23 extracts 
an integer value from the sum of the rational number,: and outpuis rt to the frequency divider 6. 

Hence, the value to be finally input to the frequency divider 6 need only satisfy the integer value condition, and need 
35 not satisfy the condition of (J + AJ) < [1] unlike in the conventional multiple-modulator fractional N type frequency syn- 
thesizer shown in FIG. 16. 

As a consequence, independently of, e.g., the decimal value J; the frequency shift width AI.J max is not limited by 
the value J. - . ■ . 

That is, a modulation width AI.J can be set to an arbitrary value. *•',.. . ■-. 

40 On the other hand, since the rational number [I.J] to be inp-jt to the arithmetic circuit 21 is modulated, the frequency 
range of the modulation frequency is not particularly limited, and frequency modulation is allowed within a low-fre- 
quency region from the direct current (DC) region to the cut off frequency f c of the Joop frequency of the PLL circuit. 

(Second Embodiment) ' ■ . i . . - . 

45 • : • . ' • r,- .-• . : . . •■ ... • : - ■ - - ■ • - ■ 

FIG. 9 is a schematic block diagram showing the arrangement of an arithmetic circuit 21a built in a frequency syn- 
thesizer according to the second embodiment of the p/esent invention. ^ 

Since the overall arrangement of this frequency synthesizer is the same as that of the frequency synthesizer of the 
first embodiment shown in FIG. 1 , a detailed description of repetitive portions will be omitted. 
so The arithmetic circuit 21 a in this frequency synthesizer is constituted by n stages of cascade-connected cumulative 

adders 31 and a register 32. 

A rational number [I ,J] input from an input terminal 1 6 is input to the first cumulative adder 31 in the arithmetic circuit 

21a. 

The rational number [I.J] input to the arithmetic circuit 21a is defined by an i-bit integer value I and a j-bit decimal 
55 value J. 

The respective cumulative adders 31 and the register 32 in the arithmetic circuit 21a are applied with a clock signal 
CLK input via an input terminal 18. 

Upon receiving one clock signal CLK, the register 32 fetches and holds an upper i-bit integer value I from an (i+j)- 
brt rational number [l,J] output from the final-stage (n-th) cumulative adder 31 . 
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Upon receiving the next clock signal CLK, the register 32 outputs the held i-bit integer value I to a frequency divider 
6 as a frequency division ratio, and also outputs thisunteger value I to the respective cumulative adders 31 as a feed- 
back value. * m " > T - c ^ 1 -v • ?<v- ^ 

More specifically, the register 32 constitutes an integer value extraction circuit for extracting an integer value from 
5 the sum value of the final-stage (n-th) cumulative adder 3f and a -delay circuit for delaying the extracted integer Value 
by one clock period T 0 . - ' : - : J: ' " ; " '■ - 1 .-..v;- fa ^ - ^ - : 

Each cumulative adder 31 in the arithmetic circuit 21 a is constituted by an adder 33, a subtracter 34 f and a register 
35, as shown in FIG. 10. ■ ■ to j . • . v. v : ^ > - 

Referring to FIG. 10, ah (i+j)4)it rational number r [1 , J] -output 'from the cumulative^ adder 31 of theprevious stage is 
io input to one input terminal 33a of the adder 33. ^ 

Also, the other input terminal 33b of theadder 33 receives an*(i+j)-bh rational number ft Jf output from the register 
35 serving as an intra-circuit delay circuit. ^ :- % ^ ;v :--xi^? >; 'o; v r ; : : ^ ^ 

The adder 33 adds the rational numbers input from the input terminals 33a and:33b in synchronism with the clock 
signal CLK, and outputs an (i+j)-bit surnvalue. ' 1 /o j w -c •••■?:;!■ v.^v^^fe^/ 1 . r.-^ 
js An upper i-bit integer value of the sum value outputfrom the adder 33 is ^applied to :ohe. input; terminal 34a of the 
subtracter 34. " ■ . ,v j: v .,l J ; : -?:c;rT.n- ^ r-i-r: - . \\: 

The other input terminal 34b of the subtracter 34 receives .the i^bit integer value I output from the register 32 shown 
in FIG. 9 as a feedback value. - ^--vvr: .J.-. ■-. . , , 

The subtracter 34 subtracts the integer value input to the input terminal 34b from the integer value input to the input 
20 terminal 34a in synchronism with the clock signai CLK, and outputs an i-l5rt differencervalue. 

A lower j-bit decimal value J of the sum value output from the adder 33 and the i-bit integer value output from the 
subtracter 34 are synthesized, and the synthesized value is output as thfe sum value of the ;(i+j)-bit rational number [I, J] 
to the cumulative adder 31 of the next stage. * 

The (i+j)-brt rational number [I, J] is atso input to the register 35. 1 ; : 
25 The register 35 delays the input (i+j)-bit rational number [I.J] by one clock period T 0 , and outputs the delayed value 
to the input terminal 33b of the adder 33r : : - ■" ..".■■-.-i- • *v -.r: 

In this way, the cumulative adder 3 1 constituted by a plurality of digital operational elements adds its own sum result 
in the previous clock period to the sum result of the previous cumulative adder 31 , and subtracts the integer value to be 
output to the frequency divider 6 therefrom, as in each cumUlative-aidder 31 in the first embodiment shown in FIG. 2. 
30 Accordingly, the arithmetic circuit 21 a shown in FIG. 9 performs the same arithmetic processing operation as that 
of the arithmetic circuit 21 of the first embodiment shown if t FIG. 2. ; ;-ow- ; $ry. l z ^ r 

Hence, the frequency synthesizer of the second errlc^imeatU:an-provide:substanftially .the same technical effects 
as those of the frequency synthesizer of the first embodiment shown; in FIGS. 1*and 2. 



35 (Third Embodiment) 




FIG. 11 is a schematic block diagram showing the arrangement of an arithmetic circuit 21b built in a frequency syn- 
thesizer according to the third embodiment of the present invention. ^ . 

Since the overall arrangement of this frequency synthesizer is the same as that otthe frequency synthesizerof the 
40 first embodiment shown in FIG. 1 , a detailed description of repetitive portions will be omitted^ 

The arithmetic circuit 2Tb in thisvfrequency synthesizer n (n 2 2) stages of cascade-connected cumulative adders 
36, and an integer value extraction circuit 23 for extracting an integer value from the sum value defined by the rational 
number value output from the final-stage (n-th) cumulative adder 36. 

An i-bit integer value I output from the integer value extraction circuit 23 in the arithmetic circuit 21b is output to a 
45 frequency divider 6 as the arithmetic operation result, and is also fed back to the respective cumulative adders 36 in the 
arithmetic circuit 21b. r • --t ; . : ? . 

The respective cumulative adders 36 and the integer value extraction circuit 23 in the arithmetic circuit 21b are 
applied with a clock signal CLK input from an input terminal -18. >■ ■ •• .-.rs 

Each cumulative adder 36 in the arithmetic circuit 21 bis constituted by: an adder 25, a delay circuit 26a, and a mul- 
so tiplier 37. * • 

Note that multipliers a of the respective multipliers 37 are set to have different values (ct = 1 , a n , • , ctp^) in cor- 
respondence with their setting positions, from the head positions of the cumulative adders 36 in which the correspond- 
ing multipliers 37 are built in. 

More specifically, the multiplier a of each multiplier 37 is given by the following polynomial (21): 

55 

(1+x) n = 1 +a 1 x + a 2 x + +a n _ 1 x +x n ; - (21) 

For example, when three stages of cumulative adders 36 are built in, the multiplier a of the first cumulative adder 
36 is 1 , and the multiplier a 1 of the second cumulative adder 36 is 3. 
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Furthermore, the multiplier of the third (final stage) cumulative adder 36 is 3. 

On the other hand, when four stages of cumulative adders 36 are built in, the multiplier a of the first cumulative 
adder 36 is 1 , and the multiplier a-, of the second cumulative adder 36 is 4. 

Furthermore, the multiplier of the third cumulative adder 36 is 6, and the multiplier <x 3 of the fourth (final stage) 
s cumulative adder 36 is 4. 

The adder 25 in each cumulative adder 36 receives the sum value of the cumulative adder 36 of the previous stage, 
its own sum result in the previous clock period T 0 delayed by the delay circuit 26a, and an integer value obtained by 
multiplying the integer value to beoutput to the frequency divider 6 with the.multiplier a. 

More specifically, each cumulative adder 36 in the arithmetic circuit 21b performs substruction between a value 
10 obtained by adding the output value in thei nth previous clock period to the rational number input from the cumulative 
adder 36 of the previous stage, and multiplying the sum with a, and the sum value in the previous clock period, and out- 
puts the calculated value to the cumulath/e adder 36 of the next stage. 

Note that the first (n = 1) cumulative adder 36 receives an (i+j)-brt rational number [LJ] input via an input terminal 1 6. 
Accordingly, the z-converted output frequency f out of the output frequency signal d given by equation (1 1) in the first 
is embodiment is described by the following equation: 

7 r ^ < 22) 

As can be understood from a comparison between equations (22) and (11), the frequency synthesizer of the third 
20 embodiment can obtain substantially the same frequency characteristics as those of the frequency synthesizer of the 
first embodiment having the arithmetic circuit 21 shown in FIG. 2, except that the frequency multiplied with the rational 
number [I.J] is output while being delayed by a time n times the clock period To- 

Furthermbre, in the cumulative adder 22 of the first embodiment, the total arithmetic time of the n stages of cumu- 
lative adders 22 required from when the rational number is input to the first cumulative adder 22 until the sum value is 
25 output from the cumulative adder 22 of the final stage must fail within one clock period T 0 . 

In contrast to this, in the cumulative adders 36 of the third embodiment, the arithmetic time required from when the 
sum value from the cumulative adder 36 of the previous stage is input until the sum value is output to the cumulative 
adder 36 of the next stage after predetermined addition/subtraction need only fall within one clock period T 0 . 

Therefore, if the arithmetic processing speeds^! ihecumulativ v~: jders,22 and 36 remain pearly the same, thefre- 
30 quency synthesizer of thWthird^mbodinient calt iricraase #is prdc~ sing-spead of the entire apparatus by shortening 
the clock period T 0 of the clock signal CLKf r^ . v v ^ , ; 

(Fourth Embodiment) ' T ,; < 

35 FIG. 12 is a schematic block diagram showing the arrangement of each of n stages of cumulative adders that con- 
stitute an arithmetic circuit built in a frequency synthesizer according to the fourth embodiment of the present invention. 

In the arithmetic circuit in which cumulative adders 41 of the fourth embodiment are built in, a register 32 is built in 
after the cumulative adder 41 of the final stage as in the arithmetic circuit 21 b of the second embodiment shown in FIG. 
9. 

40 The same reference numerals in FIG. 12 denote the same parts as in the cumulative adder 31 shown in FIG. 10, 
and a detailed description of repetitive portions will be omitted. 

In each cumulative adder 41 of the fourth embodiment, the register 35 inserted in the feedback path of the cumu- 
lative adder 31 shown in FIG. 10 is removed, and a common register 39 is inserted at the output stage of an adder 33 
and the output stage of a subtracter 34. ^ * : » • : . * ; 
45 The register 39 in each cumulative adder 41 has a function of delaying the output values from the adder 33 and the 
subtracter 34 by one clock period T 0 . ' " A - - • v *« 

More specif ically. each cumulative adder 41 in the fourth embodiment has the same operation and characteristics 
as those of the cumulative adder 36 in the arithmetic circuit 21b in the third embodiment shown in- FIG. 11 . 

In this way' according to the frequency synthesizer of the fourth embodiment, substantially the same effect as that 
so of the frequency synthesizer of the third embodiment shown in FiG- 1V can be obtained. 

In the above embodiments, an arithmetic circuit is essentially an arithmetic circuit (21, 21a, 21b) that gives an inte- 
ger frequency-divided signal (ak) to the frequency divider (6) upon receiving an input rational number (K) defined by an 
integer value (I) and a decimal value (J), includes a plurality of cumulative adders (22, 31, 36, 41) which are cascade- 
connected in at least three stages and have an integral function, and need only have a function of outputting the integer 
55 frequency<iivided signal (ok) on the basis of the rational number (K) defined by the integer value (I) and the decimal 
value (J). 

In this case, the frequency-divided signal (ok) substantially satisfies the relation given by the following equation with 
respect to the rational number (K) defined by the integer value (I) and the decimal value (J): 
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: = 1 n 

K =: l ira l . 2 . ok 

More specifically, this essentially meansthai the arithmetic circuit (21 , 21 a, 21b) calculates the frequency division 
ratio, which becomes the rational number if the average value is- calculated;., and is indicated by an integeryalue that 
changes instantaneously, upon receiving the input rational number defined by the integer-value and the decimal value, 
and outputs it to the frequency divider. -v^ . : r:'; ? •• r 

The present invention is not limited to the first to fourth embodiments described above. 

For example, in each of the above embodiments, thertrequency synthesiser cprnprising the PLL circuit is consti- 
tuted by a rational frequency division device consisting of the frequency divides 6 ; and. the arithmetic circuit 21 (21a, 
21b). the phase detector 2, the loop filter 3, and the VCO 4- r • is ■■r^u>--^ r--*v : 

Hence, the rational frequency division device can be used alone, qrxjan be built {n various oth^r apparatuses other 
than the frequency synthesizer comprising the PLL circuit. : j - :j .f: . ; . . ,? ; 

For example, the minimum resolution of the output frequency of a DDS (Direct digital synthesizer) using a 16-bit 
binary NCO (Numerically Controlled Oscillator) is Fclk/2 16 where Fdfc is the^clock frequency of the NCO. 

Accordingly, in order to obtain a decimal output frequency in this DDS, a clock frequency of 2 16 x 10 n clocks is 
required.- *r t t - ' ^ 

For example, if the clock signal has a frequency of 65.536 MHz; adecima* output frequency having a.minimum res- 
olution of 1 kHz can be obtained. However, when this clock signal is used as the reference signal of anqther decimal 
control circuit, it must be converted into a frequency of 10 MHz or the like. - r ; 

In such case, in the conventional frequency divider using an integer frequency divisjon ratio H, 65.536 MHz must 
be frequency-divided by 65,536 and then be multiplied with to. 000. .Thereafter, the frequency-divided signal must be 
supplied to a band-pass filter having a narrow frequency-band. !>„■::■■ . ; , 

Hence, in the rational frequency division device of the , present . invention; r ^536 ( MHz can be directly frequency- 
divided by 6.5536 and the frequency-divided signal is supplied to a band-pass filter to obtain a lowrspurious 10-MHz 

OUtpUt. - h • ^ ■ • V;!^:^--^:-;:^? 3:T:f i T - : ; , : " ; 

As described above, in the rational freqii^eydk^ierixiey^ synthesizer 
using the same, the arithmetic circufrfbT raleqtatir^^^equ^^ 

constituted by cascade-connecting a plurality of cumulative adders that perform, calculations in the rational number 
state including an integer value and a decimal value. 

In sum, in the rational frequency division device of the present invention and the frequency synthesizer using the 
same, fractional spurious components can be suppressed by a simple arrangement, and the frequency modulation 
range in the case of frequfehcy-modulating an output frequency signal qan be broadened. In addition, structural spuri- 
ous components cain be easily eliminated. 'oHwe 

Claims' * : v • ■ ■ 

1. A frequency synthesizer comprising: 

a variable frequency Oscillator (4) for outputting a frequency .signal haying a frequency corresponding .to an 

input signal- - ; s ; : - ' y - • ivr^-. i- ! >- - ■ . ; ■ ... 

a frequency divider (6) for frequency<Jividing the frequency of the output frequency.signal output from said var- . 
iable frequency oscillator by an integer frequency division ratio applied;, 

a phase detector (2) for detecting a phase difference between a reference frequency signal and a frequency- 
divided signal output from said frequency divider,, and outputting a phase difference signal corresponding to the 
phase difference to said variable frequencyosclllator; and . - . 

an arithmetic circuit (21, 21 a ; 21b) lor calculating a frequency djvision ratio, which becomes an input rational 
number defined by an integer value.and a r decimal value H an .average value is calculated and is indicated by 
an integer value that changes instantaneously; upon receiving the rational value, and outputting the frequency 
division ratio to said frequency divider; ■ ■ = ,■■ - v ^ . , - 

wherein said arithmetic circuit has a plurality of cumulative adders (22. 31 , 36, 41) which include a first 
cumulative adder that receives the rational number and are cascade-connected, an integer value extraction cir- 
cuit (23, 32) for extracting an integer value from an output value of the cumulative adder of a final stage, and a 
delay circuit (24, 32) for outputting the integer value extracted by said integer value extraction circuit to said fre- 
quency divider as the frequency division ratio, and outputting the integer value to said cumulative adders as a 
feedback value, and 

each of said cumulative adders adds a value calculated by itself in a previous clock period to the input rational 
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number or an output value of the cumulative adder of a previous, stage,- and subtracts the feedback value from 
said delay circuit therefrom. . .. ^ . 

2. A frequency synthesizer according to claim 1 , wherein each of said cumulative adders (31) has an adder (33) for 
s adding the input rational number or the output value from. the cumulative adder of the previous stage and the feed- 
back value and outputting the sum value, a subtracter (34) for performing a substraction between an integer value 
of the output value from said adder and an integer feedback-value output from said delay circuit and outputting the 
difference value, an intra-circuit delay, circuit (35) for synthesizing and delaying an integer output value from said 
subtracter and a decimal value of the output from said adder, and outputting the delayed value to said adder as a 

w feedback value, and output means for synthesizing the integer output value from said subtracter and the decimal 
value of the output value from saidadder and outputting the synthesized value as the output value to the cumulative 
adder of a next stage or said integer Lvalue. extraction circuit. , . - > . 

3. A frequency synthesizer according to claim 1 , wherein said arithmetic circuit comprises at least three stages of cas- 
is cade-connected cumulative adders: 



4. A rational frequency division device comprising: 

a frequency divider (6) for frequency-dividing a frequency of an input frequency signal by an integer frequency 

so division ratio applied; and • " : : 

an arithmetic circuit (21, 21a, 21b) for calculating a frequency division ratio, which becomes an input rational 
number defined by an integer value and a decimal value if an average ; value is calculated and is indicated by 
an integer value that changes instantaneously, upon receiving the rational .value, and outputting the frequency 
division ratio to said frequency divider,: - 

25 wherein said arithmetic circuit has a plurality of cumulative adders (22, 31 . 36, 41) which include a first 

cumulative adder that receives the rational number, and a r e cascade-connected, an integer value extraction cir- 
cuit (23, 32) for extracting an integer value from an output value of the cumulative adder of a final stage, and a 
delay circuit (32) for outputting the integer value extracted by said integer value extraction circuit to said fre- 
quency divider as the frequency division ratio, and oulputting^he integer^ue to said cumulative adders as a 

30 ■ feedback value, "and* v/.. vl-,,;:; bc: t;c. ^ij: : ^v r^qrjo ■b^t\- : rr-- , t : ^^..i-o- > 1 . . . 

each of said cumulative adders adds a. value calculated by itself in a previous clock period to the input rational 
number or an output value of the cumulative adder ot a previous stage, and subtracts the feedback value from 
said delay circuit therefrom. . . ; : ; - , v> 

35 5. A rational frequency division device according to claim 4; wherein each of said ; cumulative adders (31) has an adder 
(33) for adding the input rational number or.the.output value from the cumulative adder of the previous stage and 
the feedback value and outputting the sum value, a subtracter (34) for. performing a substraction between an integer 
value of the output value from said adder and an integer feedback value output from said delay circuit and output- 
ting the difference value, an intra-circuit delay circuit (35) for synthesizing and delaying an integer output value from 

40 said subtracter and a decimal value of the output from said adder, and outputting the delayed value to said, adder 
as a feedback value, and output means for synthesizing the integer output value from said subtracter and the dec- 
imal value of the output value from said adder and outputting the synthesized value as the output value to the cumu- 
lative adder of a next stage or said integer value extraction circuit. 

45 6. A rational frequency division device according to claim 4, iv/herein: said arithmetic circuit comprises at least three 
stages of cascade-connected cumulative adders. - / 

7. A frequency synthesizer comprising: > . . . 

so a variable frequency oscillator (4) for outputting.-a frequency signal having a frequency corresponding to an 

input signal; * ' - . . * - * ' . >- 

a frequency divider (6) for frequency-dividing the frequency of the output frequency signal output from said var- 
iable frequency oscillator by an integer frequency division ratio applied; _ 

a phase detector (2) for detecting a phase difference between a reference frequency signal and a frequency- 
55 divided signal output from said frequency divider, and outputting a phase difference signal corresponding to the 

phase difference to said variable frequency oscillator; and 

an arithmetic circuit (21 , 21 a, 21b) for supplying an integer frequency division signal to said frequency divider 
(6) upon receiving an input rational number (K) defined by an integer value (I) and a decimal value (J), 

wherein said arithmetic circuit includes a plurality of cumulative adders (22, 31 , 36, 41) which are cas- 
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cade-connected in at least three stages arKjhave ^integral function, and 

outputs the integer frequency division signal (ok) on the basis of the rational number {K) defined by the integer 
value (I) and the decimal value (J). 

5 8. A frequency synthesizer according toclaim T, wherein 'each of said, cumulative adders (31 )-has an ackJer (33) for 
adding the input rational number or the xfutpQt value frbmthercumulatiue adder of. the previous stage and the feed- 
back value and outputting the sum va!ue^a'subtfa<^t6r^(34) for performing abstraction between an integer value 
of the output value from said adder arid an integer feedback value dutput from said delay, circuit and outputting the 
difference value, an intra-circuit ddaycireuit (35) for* synthesizing and delaying an integer-output value from said 

10 subtracter and a decimal value of the r 6utput from said adder, and outputting the delayed value-to said adder as a 
feedback value, and output means ? for syrith^izrrtg the-integer-output value from said:subtracter ^nd. the decimal 
value of the output value from said adder and outputting>the synthesized value as the output value to the cumulative 
adder of a next stage or said integer value extraction circuit. 

is 9. A frequency synthesizer according to claim 7, wherein said arithmetic circuit comprises. at least three stages of cas- 
cade-connected cumulative adders. 

10. A rational frequency division device comprising: 

20 a frequency divider (6) for frequency-dividing a frequency of an input frequency signal-by an integer frequency 

division ratio applied; and ...^ . j. v . : 

an arithmetic circuit (21, 21a, 21b)for supplying an integer ftequencydivision signal to said frequency divider 
(6) upon receiving an input rational number (K)defined by anjntegervalue (J). and a decimal value (J), 

wherein said arithmetic circuit includes a plurality of cumulative adders (22, 31 ,36... 41), which are cas- 
25 cade-connected in at least three stages andtiave an-ihtegral function,: and ; 

outputs the integer frequency division signal (ok) on friebasis of the rational nurobee(K) Refined by the integer 
value (I) and the decimal value (J) ; . =.;v. s/n /. ^ ;; : rv 

11. A rational frequency division devleS&^diriS^ has an 
30 adder (33) for adding the input rational number or the output value from the cumulative adder .oUhe previous stage 

and the feedback value and butputtihg the surrPval&e^^btracAeB(34) for^jeifofmir^r^sub^ an 
integer value of the output-value from staid aslddr arid^w integer feedback-value oirtput from said.delay pircuit and 
outputting the difference value, an intra-circuit delay circuit (35) for synthesizing and decaying an integer output 
value from said subtracter and a decimal value of the output from said adder, and outputting the delayed value to 
35 said adder as a feedback value, arid output meaner synthesizing the integer output value ? from, said subtracter 
and the decimal value of the output value-from'said adder and outputting-the synthesized value as t|ie-putput value 
to the cumulative adder of a next stage or sa1d^^g^:value^extractLon circuit; t 

12. A rational frequency division device according tcrdaim 10 r : wherein said arithmetic circuit comprises at.least three 
40 stages of cascade-connected cumulative adders. -.-:"* T ~ 

13. A frequency synthesizer comprising: ; - < . > o ? . - v . ■ - =. 

a variable oscillator (4); 

45 a frequency divider (6) for frequency<lividing a frequency signal from said variable oscillator by an integer fre- 

quency division ratio in correspondence with a setting valuer- - 

a phase detector (2) for detecting a phase difference between a reference signal and a frequency-divided sig- 
nal from said frequency divider, and outputting a phase difference signal corresponding to the phase difference 
to said variable oscillator; and 

so an arithmetic circuit (21 , 21a, 21b) which has a plurality of (n) integrators which are cascade-connected in at 

least three stages, performs a calculation upon receiving a rational number (l,J) defined by an integer value (I) 
and a decimal value (J), and sets the calculation result in said frequency divider, so that the frequency-divided 
signal output from said frequency divider includes a rational number frequency component if an average value 
is calculated, and an error frequency component which decreases toward a low-frequency region at a gradient 

55 of about 6xn(dB/octave), and 

wherein the error frequency component is easily.attenuated by a low-frequency characteristic of a loop 
constituted by said variable oscillator, said frequency divider, and said phase detector. 
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